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In an era of endovascular aneurysm repair stent grafts maintaining pelvic perfusion for treating aneurysms
involving the iliac arteries are of particular interest. The technical success and mid-term results with the use of
the Cook Zenith iliac side branch stent graft is well documented in the literature for the treatment of these
aneurysms. However, reports on the limitations in the use of the graft are rare. A morphological analysis of 88
aneurysms was conducted with the aim of discovering the anatomic applicability of the use of the stent graft.
This study is the largest of this kind to date. Collectively, it has been shown that, even by increasing the in-
dications for use, > 40% of the analysed aneurysms do not fulﬁl the criteria for the use of the iliac side branch.
More options are required for the endovascular treatment of iliac aneurysms.Objective/Background: Endovascular aneurysm (EVAR) repair of an aortic aneurysm extending to the iliac artery
remains a challenge. Interventional occlusion of the internal iliac artery (IIA) intending to create a distal landing
zone in the external iliac artery is a common approach with inherent morbidity (e.g., buttock claudication,
impotence). Alternatively, iliac side-branched stent grafts can maintain pelvic blood supply, but the applicability is
limited. The objective was to investigate the morphological applicability of the Cook Zenith branched graft (ZBIS)
among patients with aorto-iliac or isolated iliac aneurysms.
Methods: This was a retrospective single centre analysis of 66 patients (60 men; median age 74 years, range 53e
90 years) undergoing repair of aorto-iliac aneurysms (open repair, IIA occlusion prior to EVAR and ZBIS) between
January 2008 and December 2012. All available computed tomography angiograms with post-processing imaging
were compared with the criteria for morphological applicability to (i) the manufacturer’s instruction for use (IFU),
and (ii) to criteria published in the literature, as well as (iii) to the institutional protocol.
Results: In 66 patients, 88 targeted iliac aneurysms were studied. Of these, 36/88 (40.9%) were compliant with
the manufacturer’s IFU, 35/88 (39.8%) were compliant with the published criteria, and 51/88 (58.0%) were
compliant with the in house protocol. The most common morphological exclusion criterion was an aneurysmal
IIA.
Conclusion: In the present cohort with aorto-iliac aneurysm, a maximum of 58% could have been treated with an
iliac side branch based on the current experience. In particular, an aneurysmal IIA seems to be a limiting factor
for the use of the iliac side-branched stent graft.
 2015 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Endovascular aneurysm repair (EVAR) has been increasingly
performed during the last two decades, but aneurysms
involving the iliac arteries remain a challenge. Dilatation of
the common iliac artery (CIA) often leaves no distal landing
zone for commercially available stent grafts, which have arresponding author.
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//dx.doi.org/10.1016/j.ejvs.2014.12.021maximum diameter of 28 mm. Furthermore, aneurysms
extended to the internal iliac artery (IIA) make endovascular
repair even more difﬁcult.
A common method allowing endovascular treatment of
these aneurysms is occlusion of the IIA, thereby creating a
distal landing zone in the external iliac artery (EIA). How-
ever, sacriﬁcing the pelvic blood ﬂow often results in
buttock claudication and impotence.1 The frequency of
these complications varies between 13% and 55%,2,3 and
they can impair quality of life substantially.
With endovascular treatment becoming the preferred
treatment of choice for abdominal aortic aneurysm4 even in
284 D. Gray et al.younger patients, alternatives with preservation of pelvic
perfusion to reduce the incidence of buttock claudication
and impotence are of interest.
Bell-bottom stent grafts can be used in dilated CIAs up to
25 mm, but there is the risk of a type 1b endoleak after a
few years because of disease progression and ongoing
dilatation of the iliac artery.5
The iliac side-branched stent graft offers the possibility of
maintaining pelvic perfusion by creating a distal landing
zone in both the IIA and the EIA, thereby preventing the risk
of occlusion of the IIA and the need for open surgical
repair.6,7
To date, the reported mid-term results with the use of
the iliac side branch seem to be good.7,8 However, this stent
graft system does not seem to be suitable in all patients.9
The aim of the present study was to investigate the
morphological applicability of the Cook Zenith (Bloo-
mington, IN, USA) iliac side-branched stent graft (ZBIS) in
patients, using the manufacturers’ instruction for use (IFU),
as well as the criteria described in the literature and in
house criteria.
MATERIALS AND METHODS
The prospective database of a university vascular centre,
including all patients treated between January 2008 and
December 2012with aortic and iliac aneurysms, was analysed
retrospectively. All available pre-operative 1 mm slice CT
angiograms with post-processing imaging were analysed and
compared with (i) the morphological criteria in the manu-
facturer’s IFU, (ii) to criteria published in the literature6,10e16
and (iii) to the authors’ in house institutional protocol.
A PubMed search was performed for all studies published
to the end of 2013 using the Cook ZBIS, and all described
criteria for the use of the stent graft were extracted.
Computed tomography (CT) angiograms were measured
with the open source OsiriX DICOM viewer (Pixmeo Sàrl,
Bernex, Switzerland).
Statistics were performed with SPSS Statistics version 21
(IBM, Armonk, NY, USA). Descriptive statistics are given as
median and minimumemaximum values; comparative fre-
quencies were analysed with the chi-square test.
Measurements
One investigator did the measurements; two experienced
endovascular surgeons cross checked two-thirds of the
measurements with an inter-observer variability of 1 mm.
All lengths were measured along the central luminal line.
The infrarenal length was deﬁned and measured from the
most distal renal artery to the aortic bifurcation. The CIATable 1. Instructions for use (Cook Zenith; Cook Medical, Bloomington
CIA IIA
L  50 mm L  10 mm
D  18 mm D ¼ adequate for distal sealing; Non-aneurysma
Note. CIA ¼ common iliac artery; IIA ¼ internal iliac artery; EIA ¼ extlength was measured from the aortic bifurcation to the iliac
bifurcation. The diameter of the infrarenal aorta and CIA
were measured at the maximal diameter, and the patent
lumen was measured at the aortic bifurcation and 10 mm
proximal to the iliac bifurcation. The length of the IIA was
determined from the ostium to the ﬁrst main branch. The
diameter was measured at the IIA ostium, 20 mm distally
and at the level of the ﬁrst main branch. Likewise, the EIA
diameter was measured at the iliac bifurcation and 20 mm
distally. The aortic bifurcation angle and iliac bifurcation
angle were measured along the central luminal line. The
femoral and iliac arteries were investigated for adequate
access compatibility with a 20 French introduction system
for the iliac side branch, including the degree of kinking, by
three different observers. Iliac tortuosity was calculated
using the iliac tortuosity index (ratio of central luminal
distance from the aortic bifurcation to the termination of
the EIA/straight line distance from the aortic bifurcation to
the termination of the EIA). In accordance with a previous
study,9 severe tortuosity was deﬁned as an index > 1.6.
According to the Subcommittee on Reporting Standards
for Arterial Aneurysms of the Society for Vascular Surgery,17
iliac arteries are deﬁned as aneurysmal when the diameter
is > 15 mm. At the authors’ facility, the indication for open
or endovascular repair of an isolated iliac aneurysm is a CIA
diameter of > 30 mm. An IIA is deﬁned as aneurysmal with
a diameter > 12 mm in the trunk, in the main branches, or
more distally.
Usage criteria
IFU were based on the Cook Zenith Branch Endovascular
Graft-Iliac Bifurcation with the H & L-B One-Shot Introduc-
tion System (Table 1).
The performed bibliographic search identiﬁed eight
studies that described usage criteria for the ZBIS stent
graft.6,10e16 Criteria were extracted and are listed in
Table 2.
The authors’ criteria for the use of the iliac side-branched
stent graft are less strict than the ones mentioned above,
and the indications, and relative and absolute contraindi-
cations are listed in Table 3.
The criteria were then summarised for the evaluation of
the measurements, as shown in Table 4. The number of
adverse morphological criteria, as well as the frequency of
adverse morphological features, was assessed.
Patients
Of 86 patients treated with aneurysms involving the iliac
arteries during the study period (January 2008eDecember, IN, USA).
EIA Difﬁculty with
L  20 mm Aortic bifurcation angle < 40
l D ¼ 8e11 mm CIA
D (patent lumen)
16 mm
ernal iliac artery; L ¼ length; D ¼ diameter.
Table 2. Criteria for use described in the literature.
Publication CIA IIA EIA Contraindications
Serracino-Inglott et al.6 L > 10 mm
D: ‘normal’
L > 20 mm
D: 8e11 mm
Ziegler et al.16 D > 24 mm Narrow CIA lumen
Heavy EIA kinking
IIA ostium stenosis
Dias et al.10 L > 10 mm
D  11 mm
Naik et al.12 D > 20 mm Distal landing zone
Verzini et al.15 L > 40 mm
D > 24 mm
D (lumen) > 20 mm
L > 10 mm L > 15 mm
Tielliu et al.14 D > 18 mm Non-aneurysmal
Non-stenotic
Small aortic bifurcation angle,
heavy kinking
Parlani et al.13 D (lumen) > 18 mm
L > 40 mm
L > 10 mm IIA main trunk L > 15 mm
D < 12 mm
Severe IIA atherosclerosis,
severe EIA kinking,
Wide Iliac bifurcation
Maurel et al.11 D > 16 mm
L > 40 mm
D < 12 mm
L > 15 mm
> 15 mm
Note. CIA ¼ common iliac artery; IIA ¼ internal iliac artery; EIA ¼ external iliac artery; L ¼ length; D ¼ diameter.
Table 3. In house protocol.
Usage indications Relative contraindications Absolute contraindications
CIA length > 40 mm
CIA lumen D > 18 mm
distal IIA length > 10 mm þ D < 11 mm
EIA adequate landing zone
Heavy iliac kinking
wide iliac bifurcation angle
Aneurysmal IIA with no landing zone in the main
or distal branch
Note. CIA ¼ common iliac artery; IIA ¼ internal iliac artery; EIA ¼ external iliac artery; D ¼ diameter.
Endovascular Aneurysm Repair of Aortoiliac Aneurysms 2852012), 66 patients with 88 iliac aneurysms with adequate
pre-operative CT imaging for the required measurements
were identiﬁed retrospectively. The median age of the
analysed cohort was 74 years (range 53e90 years); 60 pa-
tients were men. Diagnoses are listed in Table 5; patients
had been treated by open surgery or EVAR (with the ZBIS or
with occlusion of the IIA).
RESULTS
Mean measurements  SD are shown in Table 6. The EIA
had an adequate length (> 20 mm) in all cases.Table 4. Usage criteria.
Attribute Manufacturer’s IFU Literature
Compliant Non-compliant Compliant
CIA (mm)
L 50  50  40
D  18  18  20
D (lumen)  16  16  18
EIA (mm)
L  20  20  20
D 8e11 < 8; > 11 8e11
IIA (mm)
L  10  10  10
D  11  11  11;
non-stenotic
Aortic bifurcation
angle ()
< 40
Heavy iliac kinking
Note. IFU ¼ instructions for use; CIA ¼ common iliac artery; IIA ¼ internEleven of 88 targeted iliac vessels showed heavy tortu-
osity, which was never the single contraindication for the
use of the iliac side-branched stent graft.
The most common adverse morphological criterion was
an aneurysmal IIA.
Following the IFU, the diameter of the IIA was suitable for
use of the iliac side branch in 54/88 cases; based on the
published criteria in the literature, 53/88 IIAs were
compatible with the iliac side branch. The in house criteria
accepted another seven, resulting in a total of 61/88 vessels
for the use of iliac side branch, and an aneurysmal IIA wasIn house protocol
Non-compliant Compliant Non-compliant
 40  40  40
 20
 18  18  18
 20  20  20
< 8; > 11 e e
 10  10  10
 11 adequate in distal
IIA or main branch
aneurysmal with no
distal landing zone
< 40
X
al iliac artery; EIA ¼ external iliac artery; D ¼ diameter; L ¼ length.
Table 5. Types of aneurysm.
Diagnosis (n ¼ 66) n
AAA þ CIAA 41
Unilateral 32
Bilateral 9
AAA þ IIAA Unilateral 1
AAA þ CIAA þ IIAA 13
Unilateral 2
CIAA bilateral 4
IIAA bilateral 2
CIAA þ IIAA bilateral 5
CIAA 6
Unilateral 5
Bilateral 1
IIAA Unilateral 1
CIAA þ IIAA 4
Unilateral 2
CIAA bilateral 1
CIAA þ IIAA bilateral 1
Note. AAA ¼ abdominal aortic aneurysm; CIAA ¼ common iliac
artery aneurysm; IIAA ¼ internal iliac artery aneurysm.
Table 6. Measurements.
CIA Patent lumen (mm) 21  7 (6e47)
L (mm) 68  20 (28e160)
D (mm) 36  12 (17e78)
EIA D (mm) proximal 10  2 (0e17)
distal 9  2 (0e16)
IIA L (mm) 33  14 (0e86)
D (mm) proximal 9  6 (0e45)
distal 13  9 (0e42)
Aortic bifurcation angle () 64  18 (39e114)
Iliac bifurcation angle () 56  23 (0e136)
Note. All measurements are expressed as mean  SD (min.emax.).
CIA ¼ common iliac artery; IIA ¼ internal iliac artery;
EIA ¼ external iliac artery; L ¼ length; D ¼ diameter.
Table 7. Morphological analysis.
Frequency of compatible morphology IFU Literature In house
Length CIA 76 85 85
Diameter CIA 86 85 86
Length IIA 83 83 84
Diameter IIA 54 53 61
Length EIA 87 87 87
Diameter EIA 68 71 87
Note. CIA ¼ common iliac artery; IIA ¼ internal iliac artery;
EIA ¼ external iliac artery.
286 D. Gray et al.still the most common adverse morphological criterion
(Fig. 1; Table 7).
Thirty-six of the 88 (40.9%) targeted iliac arteries fulﬁlled
all the criteria of the IFU and 35/88 (39.8%) vessels were
fully compliant with the published criteria. Using theFigure 1. Results of morphological analysis. Note. IFU ¼ instructions
EIA ¼ external iliac artery.authors’ in house protocol, 51/88 (58.0%) iliac arteries
could have been treated with the iliac side branch
(p < .001). This difference resulted from extending the
landing zone in the IIA more distally in the internal artery
with sacriﬁce of smaller branches (Fig. 2). Small branches
were primarily over-stented; secondary coiling was per-
formed if a type II endoleak was observed on the post-
operative CT control.DISCUSSION
Sacriﬁcing the pelvic blood ﬂow for EVAR can result in
buttock claudication or new onset erectile dysfunction.2,3,18
This may then dramatically impair patients’ quality of life,
especially in those of younger age and with an active life-
style. The iliac side-branched stent grafts create a landing
zone in the IIA and EIA, thereby offering the possibility of
preserving blood ﬂow to the pelvis, and are therefore a
promising alternative to endovascular repair with occlusion
of the IIA. The published studies show good results, with a
high rate of technical success in specialised centres.7,10,19
However, anatomical limitations exclude a large number
of iliac aneurysms from being treated with this technology.9
Considering the IFU, only one-third of the patients in this
study could have been treated with the iliac side branch.
Similar results were shown by Karthikesalingam et al.,9 who
had a smaller sample size. The results obtained herein
support this 2010 study and add the option of off label use.
The IIA showed anatomical variations that were not
compatible with the IFU. The most frequent adversefor use; CIA ¼ common iliac artery; IIA ¼ internal iliac artery;
Figure 2. Distal landing zone in the internal iliac artery (IIA). Note. EIA ¼ external iliac artery.
Endovascular Aneurysm Repair of Aortoiliac Aneurysms 287criterion was an aneurysmal IIA leaving no adequate landing
zone for the stent graft in the main trunk. The suggested
usage criteria by the manufacturer could be expanded. Yet,
when aiming for the best clinical and technical results, the
published IFU criteria should be used.13,16 However,
because of the high rates of buttock claudication following
occlusion of the IIA,3 one could expand the usage criteria,
including those with an aneurysmal IIA, by choosing a
landing zone in a distal branch of the IIA, preferably the
inferior or superior gluteal artery. In applying this approach,
> 50% of patients with aorto-iliac aneurysms could have
been treated with the iliac side branch with preservation of
the pelvic blood ﬂow. However, a rather large number of
these aneurysms (> 40%) cannot be treated by an endo-
vascular approach with the ZBIS stent graft.
Occlusion of the internal iliac artery leads to buttock
claudication in up to 50% of patients, with half of them
being symptom free after an interval.3 More severe com-
plications, such as colonic ischemia or spinal cord ischemia,
are rare.20 By expanding the usage criteria of the iliac side-
branched stent graft there is a risk of a higher rate of
technical failure, which could again result in an occluded IIA
when cannulation of the internal iliac artery is not possible
owing to anatomical reasons. The risk of type 1b endoleak
could be higher when choosing a shorter landing zone (<
10 mm) in the more distal branches of IIA if the main
branch is aneurysmal.
The advantage of the iliac side-branched graft must also
be weighed critically against the higher cost of treatment,
the possibly longer operating time, the higher x-ray dose,
and the use of larger volumes of contrast medium.
A limitation of the study is the strict morphological
character of analysis of aorto-iliac aneurysms with regard to
the morphological applicability of the iliac side-branched
stent graft; the technical success rate and clinical results
with the use of less strict usage criteria were not investi-
gated in this study. A recently published study by Aus-
termann et al. showed excellent technical success using the
iliac side branch with extended usage criteria for treating
aneurysmal IIAs.21 The present study supports this off label
use, but there is a need for more clinical studies, including
patency and long-term clinical success.CONCLUSION
Iliac side-branched stent grafts offer an opportunity to treat
aorto-iliac aneurysms without sacriﬁcing the pelvic perfu-
sion, but the morphological applicability is limited owing to
complex anatomy. In particular, an aneurysmal IIA seems to
be a limiting factor for the use of the iliac side branch. In
this patient population, 58% of the aorto-iliac aneurysms
could have been treated within the IFU or with extended
usage criteria.
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